This paper consists in the design and implementation of a simple conditioning circuit to 10 optimize the electronic nose performance, where a temperature modulation method was applied to 11 the heating resistor, in order to study the sensor's response and determine whether they are able to 12 make the discrimination when are exposed to different Volatile Organic Compounds (VOC's). This 13 study was based on determining the efficiency of the gas sensors to be used in order to perform an 14 Electronic Nose, improving the sensitivity, selectivity and repeatability of the measuring system 15 and selecting the type of modulation (e.g. Pulse Width Modulation) for the analytes detection (i.e,
Tin oxide gas sensor containing oxygen in clean air which is adsorbed on the surface of the 48 sensing material on the crystal structure [12] . When the sensing material is heated to high 49 temperatures (around 400 o C) and in the presence of reducing gases, free electrons flow easily 50 through the conduction band of tin oxide particles. Furthermore, the pure oxygen air is absorbed by 51 the particles of tin oxide surface and traps free electrons due to high electron affinity, forming a 52 potential barrier in the conduction band. This potential barrier restricts the flow of electrons causing 53 an increase in electrical resistance [13] . When the sensor is exposed to an atmosphere, for example, 54 with reducing gases, CO, CO2, etc., tin oxide surface absorbs gas molecules, producing an oxidation 55 reaction between the gas and the absorbed oxygen, which decreases the potential barrier and thus 56 reduces the electrical resistance. The relationship between the sensor resistance and gas concentration 57 deoxidized can be expressed by the following experimental equation and is valid for a certain range 58 of concentration of a gas:
where R is the electrical resistance, A and α are constants and [C] the gas concentration [14, 15] .
61
Tin dioxide sensors are characterized by having a good selectivity, repeatability and accuracy. Also, 62 they can detect up to 20 gases at low concentrations, but the principal disadvantage of them is that 63 they are very sensitive to moisture and this could generate drifts in the response. Another possible 64 failure is that they might present contamination of active layer when is applied any volatile 65 compound in high concentration, which avoid that they can be recovered due to saturations. Energy 66 consumption of the gas sensors is one of the most important factors to be analyzed, in order to make 67 an implementation of this device through powered systems modulated sources and to reduce the 68 consumption.
69
Typically, gas sensor consumption is around 15 mW when a continuous signal is applied to the 70 heater, but if is applying a modulated signal to heater wire the consumption decreases, being The time constant of first order marks the width of the frequency range to be modulated. Thus, 78 the lower response time will imply a higher cutoff frequency of the system, which is directly 79 generated by temperature modulation.
80 Figure 2 shows a bode diagram with an asymptotic module of this system, which the attenuation is 81 above the cutoff frequency. Several studies have used information from the dynamic response of a sensor thermally 86 modulated to identify and quantify gases.
87
In our particular case, temperature modulation can alter the kinetics of the reactions occurring on the 88 sensor surface in the presence of gases to be detected.
89
It is shown that using of dynamic response can reduce drift effects. Although the results are 90 promising, only few studies have been done in selecting frequencies to be used in the sensors. A 91 thorough study of the behavior of the sensors could be applied in a wide range of frequencies.
92
Materials and Methods

93
This study was made using a conditioning and measurement system, which were applied to 94 develop an electronic nose, compounds by four commercial gas sensors. Each sensor is very sensitive 95 to different volatiles; in this work, we have selected commercial gas sensors in order to make the 96 system more robust and selective (i.e. capable of detecting any volatiles from the response of each 97 individual sensor).
98 Figure 3 illustrates a block diagram of the classification process using the electronic nose, which 99 was applied different modulation techniques. 
132
shift the volatile compounds from the sensor chamber to the "Out" orifice of the system; in this stage 133 the sample is measured. On the other hand, through "In" orifice it is take the air from outside in order 134 to wipe the container as well as piping (i.e., avoiding condensation within the circuit) after the 135 measurement. The concentration chamber was isolated from the measuring circuit thought of a two- 
152
For realizing the pulse modulation an integrated circuit (555 oscillator) was used in "stable 153 mode", which can generate a square pulse; this simple circuit has the advantage because it is possible 154 to know the period, frequency and the work cycle when it is having the resistance and capacitance.
155
It should be noted that the period is the length of time; it takes ON and OFF cycles to repeat, while 156 the duty cycle is the percentage of time that the output is on (i.e. T1 / T).
157
The working cycle of this type of circuit cannot be 50% or less, therefore, to perform tests with a work 158 cycle less than this value, it was necessary to use an Arduino 2560 card.
159 Figure 6 shows the output times of a PWM circuit. For the operation of the circuit, the following 160 conditions must be taken into account: Increasing the capacitance will increase the cycle time, Also, increasing the value of the resistor R1 will increase the time within a high value (T1) of the 166 cycle, but the time in low (T0) will not be affected.
167
Increasing the value of resistance R2 will increase the time in high (T1) and the time in low (T0) but 168 will decrease the working cycle to a minimum of 50%. 
186
The sensor chamber (see Figure 7 ) was composed of four commercial gas sensors ( The sensors inside the chamber were operated with 5 DC Volts and the heating resistors were 203 connected to the modulation circuits.
204
The camera was designed to change the configuration of the sensors, since these were connected with 205 sockets, in order to be able to extract the sensors easily.
206
The load resistor connected to the output of the sensors has a fixed value of 4.7 k, this resistance 207 fulfills the function of voltage divider, which allowed to obtain a voltage variation when a volatile 208 compound is applied to the sensor. 
217
The card has 8 analog inputs channels, which only 4 of them were used for the acquisition of the 218 signals produced by the gas sensors and this was done with a sampling frequency of one second.
219
Two digital output channels were used for control the activation of a solenoid valve and air pump, 220 therefore the system was totally automatic. concentrated inside the chamber, where the sensors response is also determined by the type of 240 compound, which it is sensitive, i.e. the TGS 800 is widely used to recognize gases like air and 241 hydrogen, the TGS 826 is used to recognize ammonia, then they will have a response characteristic 242 when these gases are supplied.
244
245 Figure 8 . Response of the sensors without temperature modulation,
246
exposed to a sample of Alcohol (70%)
247
The response of the sensors can be observed in Figure 9 , when a PWM modulation using a DC 248 voltage of 0 -4.5 Volts was applied to the heater resistor with a frequency of 490 Hz and a 33.3% duty 249 cycle, which was generated using the same concentration parameters of the sample. From this point 
267
TGS 826 and SP-15 921F sensors obtained a very small voltage response, such as can be seen in 268 the figure, the maximum voltage reached did not exceed 0.5 volts, but nevertheless, it can be said that 269 these sensors responded to the moment that was applied the sample of alcohol previously 270 concentrated in the chamber. Figure 10 
292
Despite to reduce the amplitude of SP-15A and TGS 800 with temperature modulation, was 293 possible improved the selectivity and sensitivity of SP-53 and TGS 826 sensor, achieving an excellent 294 amplitude response and it is noteworthy that they are still sensitive when the temperature 295 modulation was used. The amplitude of the signal tends to remain stable after reaching the maximum 296 amplitude, this was a satisfactory response being for analysis and data processing. In this preliminary 297 study it can be said that the response of the sensors can reach a good performance when modulation 298 is applied, whereas the data processing can be easily at the moment to obtain the data discrimination 299 and/or succes rate of classification. The changes of voltages produced by the sensors and each 300 response varies the amplitude according to the type of volatile compound. To get the discrimination 301 of data set, a modulated sawtooth signal was used to the heater of each sensor. Then a data matrix 302 (16 measurements: 12 Moscatel Wine (W) with 2% of alcohol and 6 measurements with 70% of Ethyl 303 Alcohol (A)) was calculated and auto-scaled before applying the PCA, in order to make all the sensors 304 with equal weigh. Figure 12 shows the PCA analysis where an excelent classification was achieved. 
309
The PCA was performed with all sensors since the features extracted and responses of them 310 were suitable. This figure depicts an excellent discrimination using the two PC's reaching a 94.5% of 311 variance and 100 % of accuracy the data set. It is important to note that these results showed a good 312 sensitivity, selectivity, and repeatability.
313
In this study, the main purpose of this test was tried to discriminate between two compounds 314 with different degrees of alcohol, in order to obtain an approximation of the performance of sensors
